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a b s t r a c t

Seaports are exposed to a variety of coastal risks, particularly when considering the effects of climate
change, due to their location in the land–sea interface. The vulnerability of seaports, besides the
robustness and design of their infrastructures, is also directly related to their adaptive capacity. A
policy framework plays an important role in facing the effects of climate change by virtue of planning
and supporting the implementation of adaptive measures. This research aims to identify and evaluate
the extent to which the climate change topic is addressed by the port planning, coastal management,
and climate adaptation policies of Brazil. A policy review was carried out and the documents were
evaluated based on the achievement of the Sustainable Development Goal 13 (climate action) targets.
A multiscale analysis was performed to identify how different management levels address the topic
in their planning. The results suggest that although Brazil has effectively addressed the climate issue
with its Adaptation National Plan, the coastal management framework and primarily port planning
both remain uncertain. The existing coastal policies for climate adaptation purposes remain virtually
not implemented, and accomplishments related to port adaptations are based only on a recent national
sustainability guideline agenda. Although climate change impacts are perceived on a local scale, the
Brazilian coastal ports and cities have not institutionalized efforts to taking climate-adaptive actions.
This observed gap points out the necessity of policymakers to enhance the planning and application of
adaptation measures at the local level, as well as promote the cooperation between multiscale sectoral
agencies. This overview illustrates several opportunities to update, redesign, and innovate coastal and
port management instruments to address climate-related issues. Nature-based Solutions would appear
as a fundamental approach to be incorporated in multi-scale policy frameworks, which would support
coastal ports and cities in their becoming climate-resilient, thus containing socio-economic losses and
environmental deterioration.

© 2022 Elsevier B.V. All rights reserved.
1. Introduction

Located in the interface between sea and land, seaports are
aturally, continuously, and highly exposed to risks associated
ith climatic and oceanographic factors (Becker et al., 2013;
rooks and Faust, 2018). Climate change impacts challenge policy
nd decision-makers to incorporate the issue into the policy
daptation framework. The increased risk of coastal flooding and
emporary inundations due to increases in global mean sea-levels
MSL) and extreme events such as tropical cyclones are major
ources of economic losses for coastal territories and seaports
Balica et al., 2012; Becker et al., 2012; Hanson and Nicholls,
020).

∗ Corresponding author.
E-mail address: francisco.veiga.lima@posgrad.ufsc.br (F.A. da Veiga Lima).
ttps://doi.org/10.1016/j.rsma.2022.102365
352-4855/© 2022 Elsevier B.V. All rights reserved.
Approximately 130 ports are hit by tropical cyclones every
year along coastal areas around the globe, resulting in a substan-
tial amount of economic damage to this sector and the dependent
logistic chain (Becker et al., 2012). Meanwhile, climate change
is expected to intensify extreme events all over the globe. The
list of impacts for seaports and the maritime shipping industry
related to marine hazards and extreme meteorological events
are numerous, among which intensified rainfall causes delays
in loading/unloading of cargo at ports. Increased storminess can
also force port canal interruption, adding risks to navigation and
dock maneuvers, which poses risks to both marine and land
environments and worker’s safety, with subsequent economic
losses (Brooks and Faust, 2018; Izaguirre et al., 2021).

As sea levels rise, port facilities might be made inoperable
by flooding of piers, storage areas and breakwaters jetties, in-

creasing costs due to relocation and/or repair of flooded facilities.

https://doi.org/10.1016/j.rsma.2022.102365
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hanges in sedimentary balance and siltation due to excessive
recipitation and highly energetic sea waves also directly impact
eaports, which create the need for further dredging works –
nd consequently costs encumber port authorities to re-establish
avigation depths (Becker et al., 2012).
The last Intergovernmental Panel on Climate Change (IPCC,

021) report stated that the recent changes in the climate system
re unprecedented over thousands of years and those changes are
elated to increased occurrence of extreme events such as tropi-
al cyclones, heavy precipitation and, therefore, flooding events.
egardless of the climate scenario, climate change will cause
he global MSL to rise over the 21st century as well as further
ntensify the global water cycle.

Due to the catastrophic consequences that can be incurred in
his sector, the climate change topic is gradually earning space
n the global agendas of seaports. The climate change topic is
urrently classified as one of the top three priorities to be faced by
ort authorities and port systems (ESPO, 2019; WPSR, 2020). The
otential economic losses associated with damage and disruption
o ports around the world due to sea-level rise are estimated at
etween US$ 111.6 billion by 2050 and US$ 367.2 billion by the
nd of the century (UN, 2017). The negative economic impacts
ecome even more prominent in developing countries, due to
imited access to financial resources for adaptation (Becker et al.,
012; Burkett and Davidson, 2013; Brooks and Faust, 2018). This
ncertain scenario may also increase future costs for global mar-
time transport due to the demand for resilient port facilities and
afer navigation routes, breaking with traditional supply chains
Becker et al., 2012).

This complex scenario requires a legal and policy framework
hat will enable the implementation of integrated and adaptive
easures. Several studies worldwide have been discussing and
mphasizing the application of climate and coastal policies and
easures for the adaptation of seaports (Oswald, 2009; Becker
t al., 2012; Eisenack et al., 2012; Brooks and Faust, 2018; Hanson
nd Nicholls, 2020; Izaguirre et al., 2021). In this context, Nature-
ased Solutions – NbS (Kabisch et al., 2016; Chausson et al., 2020)
merges as an important initiative that could be incorporated
nto the coastal and port policies to reduce disasters and climate
isk. The benefits delivered from key-ecosystem services, such
s coastal protection provided by dunes, mangroves, and coral
eefs surrounding port areas, for instance, can avoid or minimize
egative impacts from storm surges, sea-level rise and coastal
looding on port facilities and operations (PIANC, 2014).

The Brazilian government has published a report indicating
he main effects of climate hazards on coasts and several eco-
omic sectors, including seaports, and the potential responses
nd needs to face climate change and its impacts (Galvão and
osta Braga, 2015). The report indicates the cost of the seaports
daptation between 2030 and 2050 is around US$ 1.3 billion,
ncluding the recommendation on improving drainage systems
nd building coastal defenses, such as storm surges barriers.
ut also indicates the opportunity and low cost of implementa-
ion of NbS measures around port areas, especially focused on
angrove management. Meanwhile, a climate risk assessment of
eaports was recently launched by the National Agency of Water-
ay Transportation – ANTAQ (2021a,b). The report demonstrates
hat from the 21 Brazilian coastal ports assessed, 11 could be
lassified under high or very risks of sea-level rise until 2030.
evertheless, in Brazil, there is no specific study approaching the
olicy framework interconnection between ports, climate, and
oastal zones.
The present research aims to answer: how are the Brazil-

an coast and ports prepared – in terms of policy, agenda, and
egulations – to face climate change? By analyzing the multi-

cale policies, how is the climate issue addressed by the seaport,

2

coastal, and climate framework in Brazil? Which are the gaps in
Brazilian port policy for dealing with the threats posed by climate
change?

Our research involved a policy survey connecting multi-scale
administration responses to face climate challenges from the
perspective of adaptive capacity related to Integrated Coastal
Zone Management, Port Planning, and Climate Adaptation. The
study focal point was based on the exploratory analysis of public
policies in Brazil, in which we assess the encompassing climate
issue in the management framework regarding the achievement
of Sustainable Development Goal 13 (UN, 2016).

It is important to highlight that this paper does not analyze
the exposure and risks associated with seaports and coastal com-
munities. The research is focused on the analysis and diagnostic
development of adaptive capacity (IPCC, 2017) in terms of the
ability of the government institutions and policies applied to
climate adaptation, coast, and ports to respond to consequences
and to take advantage of opportunities. We understand that es-
timating the reach of climate adaptation policies in a multi-scale
and sectoral approach may not capture the public administration
details, but these outcomes provide a benchmark for further
research and decision-making. The legal framework evaluation
could reinforce seaports’ decision-making processes and define
scenarios to face climate change effects while identifying gaps in
the current design of the management tools.

The present article is structured as follows: in Section 2, the
case study is contextualized in the scope of its port activities and
climate challenges. In Section 3, the methodological steps for the
multiscale analysis of policy in Brazil is presented. In Section 4,
the results from the survey are presented. Then, in Section 5 we
attempt to build a coastal, port, and climate adaptation policy
framework overview in Brazil, highlighting the policy integration
opportunities, and potential solutions to be employed. The out-
comes from the survey are grouped in two distinct categories:
management scales and sectoral topics covered. Lastly, in Sec-
tion 6, we present the main findings and highlight future research
opportunities.

2. Case study

The Santa Catarina State in southern Brazil was selected as a
case study by its representativeness and importance to national
port logistics, as well as its historical climate impacts both on
the coastal zone and port facilities. The study area has two im-
portant Port Complexes including public and private terminals
(Fig. 1): the São Francisco do Sul Port Complex, including Port
of São Francisco do Sul (classified as 9th in the national public
ports ranking), Port of Itapoá (4th in containership ports national
ranking), and Maritime Terminal of São Francisco do Sul – an
inland and offshore oil bunker facility (9th in the bunker ports
national ranking); and the Itajaí Port Complex include Port of
Itajaí (7th in containership ports national ranking), and Port of
Navegantes (3rd in containership national ranking). In addition,
there is the Port of Imbituba (13th in the national public ports
national ranking), and the Port of Laguna as a fishing terminal.
In the first semester of 2021, the Santa Catarina ports reached
5.4% in the general national cargo handling, increasing 34% of its
operations (ANTAQ, 2021b).

The set of ports are located in important estuaries (Babitonga
Bay – Northern Santa Catarina State), embayments, and head-
lands which act as shelter areas for docking and navigation. In
addition, two ports are located at the border of the Itajaí-Açu
River, near the river mouth, and although they are considered
semi-protected environments – with jetties to minimize the im-
pacts from storm surges – they are also exposed to several effects
of climate change. The Port of Itajaí is especially exposed as its
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Fig. 1. Location of seaports of Santa Catarina state.
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order receives more energy from the river currents than the Port
f Navegantes, located on the opposite border.
Santa Catarina state is historically recognized as one of the

ost affected regions in Brazil by extreme meteorological events,
hich has caused disruptions to the local economy and hu-
an well-being (Herrmann, 2006; CEPED, 2013; de Souza and
amos da Silva, 2021). The most well-known event is the occur-
ence of Hurricane Catarina in 2004, the first registered hurricane
n the South Atlantic Ocean (Pezza and Simmonds, 2005). Other
mportant climate events occurred at the Itajai Valley in 2008 and
011, such as rainstorms, causing the Itajaí river level to rise, and
reating strong river currents (directly affecting port operations
nd vessel maneuvers), as well as massive floods and coastal
rosion. Both events have affected millions of people and cost
pproximately US$ 2 billions in losses (World Bank, 2012, 2016).
esides the physical impacts, the Port of Itajaí has experienced
everal operational disruptions.
The Santa Catarina region’s coast is located in a cyclogenesis

otspot for the South Atlantic, i.e, in a zone prone to cyclone for-
ation (Sinclair, 1995; Hoskins and Hodges, 2005; Reboita et al.,
018; Gramcianinov et al., 2019; de Souza and Ramos da Silva,
021; de Souza et al., 2022). The occurrence of cyclonic systems
n this area is related to sea restlessness, intense wind speed, and
oastal flooding on Santa Catarina’s coast. It is expected for South-
rn Brazil a future increase in the mean summer precipitation
ith further increases in extreme precipitation indices (Marengo
t al., 2010; Chou et al., 2014; Cabré et al., 2016). The consequence
s that precipitation is expected to occur more sporadically but in
igher volume, which might trigger flooding events.
Thus, given the logistics and economic importance of seaports

nd their exposure to risks from climate change, it is urgent that
he management responses guarantee that the ports sector is
overed by public policies and regulations. They must aim for
revention strategies, minimization of impacts, and especially,
daptation measures.

. Methodology

The methodology used in this study is shown in Fig. 2.
3

.1. Multiscale policy survey

The multiscale policy survey was adopted to better understand
ow coastal and port administration levels are facing climate
hange challenges. Numerous studies in Brazil, as well as in
anta Catarina State have analyzed the scope of integrated coastal
one management policies considering different government lev-
ls (Andrade and Scherer, 2014; Scherer et al., 2018; de Lima
t al., 2019; Scherer and Asmus, 2021).
Firstly, we compiled policies in four distinct levels of man-

gement: national (Brazil), state (Santa Catarina), municipal (port
ities in Santa Catarina state), and local (port authorities). A
imilar approach was carried out by Sánchez-Quinto et al. (2020)
hich analyzed the drives, pressures, and responses over a coastal
ector in the Mexican Caribbean. The authors developed a policy
ssessment linking coastal and marine conservation policies with
rban and climate normative framework.
A multiscale survey was carried out identifying the govern-

ental institutions and sectoral agencies responsible for imple-
enting public policies and programs. Then, a thorough review
as developed covering public policies, plans, programs, strate-
ies, and institutionalized good practices addressing ports, cli-
ate adaptation, and coastal management.

.2. Policy assessment and evaluation criteria

The methodology step 2 consists of a policy framework analy-
is, which includes the evaluation criteria definition and policies
ssessment. This analysis was based on the degree to which the
urveyed documents matched the targets of Sustainable Devel-
pment Goal (SDG) 13: ‘‘Take urgent action to combat climate
hange and its impacts’’ (UN, 2016) as Brazil is one of the signa-
ory countries (IPEA, 2018). Considering that the SDG is broad and
eneral for the purpose of the research, we adapted all SDG 13
argets for the context of climate change adaptation for ports and
oasts (Table 1). Then, the documents were read and evaluated to
dentify principles, directives, and goals in both general and spe-
ific guidelines, actions, outcomes, and indicators in prepositive
ections concerning climate change adaptation.
The encompassment of the SDG 13 in the surveyed documents

as examined by the identification of direct and indirect occur-
ence indicators. For this analysis, we searched in the surveyed
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Fig. 2. Methodological steps framework.
Table 1
Adaptation of targets from the United Nations Sustainable Development Goal 13 – Climate action – for the evaluation of port and
coastal sector policies.
SDG 13 – Targets Targets adapted to the study case – seaports, and coasts

Target 13.1. Strengthen resilience and adaptive
capacity to climate-related hazards and natural
disasters in all countries

The document analyzed defines actions and strategies to
strengthen the adaptive capacity and resilience of
logistics and port facilities, linked to climate risks.

Target 13.2. Integrate climate change measures into
national policies, strategies and planning

The document analyzed promotes the inclusion of
adaptation measures with coastal and port planning.

Target 13.3. Improve education, awareness-raising
and human and institutional capacity on climate
change mitigation, adaptation, impact reduction and
early warning.

The document analyzed promotes actions and measures
to improve education and training of human resources
capacity on the risks to ports and coasts arising from
the changing climate.

Target 13.3A. Implement the commitment
undertaken by developed-country parties to the
United Nations Framework Convention on Climate
Change to a goal of mobilizing jointly US$ 100
billion annually by 2020 from all sources to address
the needs of developing countries in the context of
meaningful mitigation actions and transparency on
implementation and fully operationalize the Green
Climate Fund through its capitalization as soon as
possible.

The document analyzed promotes the allocation of
financial resources for the climate adaptation of ports
and coasts.

Target 13.3B. Promote mechanisms for raising
capacity for effective climate change-related planning
and management in least developed countries and
small island developing States, including focusing on
women, youth and local and marginalized
communities.

The document analyzed promotes mechanisms to
improve the adaptive capacity of port planning and
coastal management.
documents the following keywords: port, port sector/activity,
climate change, climate, adaptation, and adaptive management.
After this, we performed a quantitative evaluation of each doc-
ument surveyed. For this evaluation, a value of significance was
established indicating the degree to which each of them matched
the SDG 13 targets (Table 2). The proposed evaluation crite-
ria were then separated into five distinct categories, ranging
from not addressing the criteria of the policy to addressing most
or all of the criteria. A similar methodology was adopted by
Sánchez-Quinto et al. (2020) who assessed a group of indica-
tors to evaluate the legal framework connecting climate and
sustainable management of marine and coastal areas.

Such an approach enabled us to identify which policy is capa-
le of responding to pressures and challenges associated with the
limate change in the coastal zone and a strategic sector of the
ountry’s economy and logistics. Moreover, this approach links
o global priority actions for sustainable development at a global
cale.

. Results

The multiscale analysis was performed aiming at the diagnosis
nd evaluation of the government’s addressing of the climate
4

change issue, within the scope of the ports sector and coastal
management.

4.1. Legal and management framework analysis

The proposed multiscale survey returned 33 policies, which
were clustered in the four administration levels (Fig. 3).

The results from each policy evaluation, in terms of the criteria
proposed in Table 2, can be found in Table 3. Fig. 4 summa-
rizes the survey quantitative results, which were categorized by
each instrument/policy scale, acting area, and attributed value
regarding correspondence with SDG 13.

From all documents surveyed, only three are related to plan-
ning and adaptation to climate change, two of them being from
the national scale and the other from the state scale. Most of
the analyzed documents (18 or 54% of the total) are part of
the ports and transport sector management and policy structure,
from which 12 are documents related to port management struc-
ture: Port Master Plans – PMP, Zoning and Development Port Plan
– PDZ, and Port Environmental License – PEL. The PMP and PDZ
are developed under the public port administration scope.

The remaining six documents are related to the ports policy,
planning, and regulation: Port Logistic National Plan – PNLP,

National Ports Law – NPL (2013), General Plan for Port Grants
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Table 2
Response options and their significance ranges, according to the SDG targets (Table 1).
Fig. 3. The management scale and list of 33 policies analyzed and their acronyms. *The PNGC analysis included their operational instruments: ProCosta – National
Program for the Shoreline Conservation, and PAF – Federal Action Plan for the coastal zone. **The MINFRA analysis included its associated document – Sustainable
Guidelines for Transportation and Infrastructure. ***For the Port of São Francisco do Sul, environmental licensing was considered for the associated public and the
private terminal.
– PGO (2019), Environmental Performance Index – IDA (ANTAQ,
2021b), Waterway Environmental Agenda – WEA (2018), and
the Ministry of Infrastructure’s Sustainability Agenda – MINFRA-
SA (2020). Nine documents (27% from the total) corresponded
to the territorial and coastal planning and management topic,
from which seven documents fall in the municipal scale: Director
Plans – PDM, and Municipal Coastal Zone Management Plan –
PMGC (2007), one in the state scale: Coastal Management State
Program – PEGC (2010), and the remaining one in the federal
scale: National Coastal Zone Management Plan – PNGC (2004).

We also analyzed three policy instruments (9% of the total)
irected to planning, acting and climate change adaptation, two
f them being at the national scale: Climate Change National
olicy – PNMC (2014) and National Adaptation Plan to Climate
5

Change – PNA (2016) and the other at the regional scale: State
Policy Adaptation Plan to Climate Change – PEAMC (2009). Lastly,
three budget instruments (acting as non-binding policies) were
surveyed, two of them being at the state scale: State Industrial
Development Plan – PDIC (2014) and State Pluriannual Plan –
PPA-SC (2017) and one at the national scale: National Pluriannual
Plan – PPA (2016). In the next section, the analysis is presented
regarding the acting scale and subject approach.

5. Discussion

Climate change is expected to increase pressures related to
oceanographical factors due to MSL rise and higher frequency of
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Table 3
Matrix of policy framework analysis and evaluation. N/A: The criteria assessed do not apply to the policy. * The policy is
not available for research.
extreme events (IPCC, 2021). According to a report on infrastruc-
ture in the climate scenario headed by the Brazilian Government
(Galvão and Costa Braga, 2015), all the seaport facilities are ex-
posed and at risk of climate and non-climate pressures and are
classified as highly vulnerable.

Thus, the importance of identifying and understanding how
ations and strategic economic sectors face and adapt to cli-
ate change seems crucial. Even at a global scale a complete
ssessment of risks of climate change for seaports and further
lanning for adaptation measures are still incipient (Hallegatte
t al., 2011; Becker et al., 2012; Izaguirre et al., 2021). In Brazil,
ven though there are few regional high-resolution climate pro-
ections, the studies assembled by the Brazilian Panel on Climate
hange (PBMC, 2014) point toward a future with more intense
nd frequent extreme events.
6

Therefore, a policy framework to respond and face such cli-
mate and oceanography challenges in the context of climatic
change is mandatory to maritime transport sustainability and
human well-being. In the next topics, we discuss and analyze
the policy framework in terms of management scales and policy
subject approach, in order to build a port and coastal climate
change adaptation management panorama of Brazil.

5.1. Management scales

The performance between different management scales is sub-
stantial. The main efforts (highest scores in the policy framework
analysis) are concentrated on the national scale. From the 10 doc-
uments surveyed at national scale, five presented the maximum
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Fig. 4. The number of policies surveyed (N), grouped in distinct evaluation criteria. (A) Grouping by scale (Local, Municipal, State, and National, respectively) and
theme: Territorial and Coastal (T.C.), Port, Climate Change (C.C.), and Budget (Bud). (B) Grouping by scale and scores (Table 3). (C) Grouping by subject and scores.
score based on the evaluation criteria – two related to the climate
topic, PNMC and PNA, one related to the maritime transport –
MINFRA-SA, one related to the coastal planning – PNGC, and one
related to budget issues – PPA.

The Brazilian climate change subject is under the PNMC
2009), which includes both mitigation and adaptation measures,
ombined with the PNA (2016) as the main tool of the national
limate policy. The PNA emerges as the main national instrument
o engage and encourage sectoral activities to address goals and
trategies taking into account the climate effects. PNA brings
limate change adaptation goals and guidelines to be addressed
nd translated to regional and local levels, as well as to sectoral
ctivities. The efforts approach 11 themes, including infrastruc-
ures and the coastal zone. In both areas, the PNA goals work
oward the identification of the main risks, vulnerabilities, and
mpacts over coasts and infrastructures, and build climate re-
ilience guidelines to face those challenges. Thus, current and
vailable policies and plans frommultiple management levels and
ectors should be able to materialize the PNA goals.
At the state management level, besides Santa Catarina have a

tate Climate Change policy – PEAMC, there are no indications
f adaptation measures and actions, only regarding climate miti-
ation. The budget instrument – PPA-SC obtained the maximum
core, by indicating funding for better climate monitoring (ex-
reme events) and efforts toward climate-proofing ports. While
he PDIC, which promotes State industrial development, did not
ddress any established criteria. For the coastal management
nd climate change topics (PEGC and PEAMC, respectively), the
nstruments at state scale contemplated between two and three
riteria. Both state policies work with broad subjects not guiding
ny explicit action relating to or including the port activity.
The evaluation highlights extremely institutional fragility re-

arding the climate change topic at the local level. There is a
omplete absence of policies, instruments, and actions that rec-
gnize this issue and promote adaptive measures for port and
erritory infrastructure. Among all 19 documents surveyed at this
cale, the PDZ of the Port of Itajaí was the only one that contained
xplicit and ongoing actions and guidelines regarding planning
nd adaptation to climate change. The mentioned actions refer to
pilot program developed on the scope of the Project on ‘‘Climate
ervices Expansion for Investments in Infrastructure’’, a result of
he cooperation between distinct national and foreign agencies
MMA, 2020). Their efforts are focused on providing data for port
lanning, aiming for short and medium-term decision-making
egarding the occurrence of extreme events.

The findings highlight that most port cities and port author-
ties do not explicitly consider the climate risks. Becker et al.
2012) conduct research that demonstrates a low perception of
limate effects over port facilities and operations. Other reasons
7

could be addressed by the fact that it is not always clear who
is responsible for a port’s resilience. Port Authorities can wait for
national financial support to develop the port’s climate resilience,
especially regarding defense works, meanwhile usually private
terminals have more difficulty getting financing for issues related
to climate. Besides the limited resources, the low priority of
the climate issue on the local agendas could explain the lack of
policies and necessary implemented adaptation measures.

5.2. Policy analysis by subject approach

Amongst the land use planning and marine and coastal man-
agement policies, only the National Coastal Zone Management
Plan (2004) achieved the maximum score through their opera-
tional instruments: ProCosta (MMA, 2018) and PAF (2017), both
establish guidelines for climate change monitoring and adapta-
tion on the Brazilian coastline. Although, only the PAF has been
implemented. Their goals and actions regarding climate risks
and port sustainability are basically focused on: the inclusion
of climate lengths in the coastal management system; and the
promotion of these topics in the form of training and capacitation
of human resources. Meanwhile, the ProCosta program, as one
of the PAF planned actions, has not been implemented by the
federal government. Although, its potential to monitor and pre-
dict the climate change effects on the coastline would generate
useful data for seaports and coastal communities’ adaptation
alternatives decision-making.

Other coastal and territory instruments (State and Municipal
Coastal Management Plan, and urban Director Plans) assessed
presented few or no indications of addressing climate-related
issues. No Urban Director Plan addressed climate actions. Also,
Municipal Coastal Management Plans, like other coastal manage-
ment tools are not often developed and implemented in Brazil
(Scherer and Asmus, 2021). One exception was found – the Itapoá
Coastal Management Plan – PMGC (2007), however, it does not
encompass any climate change action.

Consequently, there are clear opportunities to update and
include climate issues in the territorial and coastal local plans.
Guidelines indicate, for instance, the necessity of the creation
of buffer zones or non-building zones (which would help to
decrease the exposure and vulnerability of coastal communities).
Coastal ecosystem restoration provides conditions for mangroves,
marine ecosystems, or dune-fields to generate ecosystem ser-
vices, such as coastal protection, and sediment regulation, which
benefit the entire coastline from the impacts of storm surges and
coastal flooding (van der Meulen et al., 2015; Sánchez-Quinto
et al., 2020).

From the budget tools perspective, the findings highlight
which climate change topic figures on the prioritization list on
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oth national and state management levels. The Government
luriannual Plans (PPA) are defined every four years and indicate,
s non-binding policies, where the financial resources are to be
llocated. The PPA advertise financial support to develop actions
nd strategies for the decrease of greenhouse gas emissions;
raining and capacitation to address climate issues on govern-
ent agendas; and monitoring and data provision. Although the

esults are favorable in their assessment, the budgets plans have
o indication of resource application on adaptation measures.
elevant measures should target coastal defense works (e.g. Bur-
ett and Davidson, 2013) port infrastructure maintenance and
mprovements (e.g. Becker et al., 2012), or even for the surround-
ng port areas, such as ecosystem restoration (e.g. van der Meulen
t al., 2015). A review on adaptation challenges targeting the risks
o climate change for seaports was carried out by Becker et al.
2013), Nursey-Bray et al. (2013), and Eisenack et al. (2012).

Despite the high exposure of seaports, the findings show that
he policy framework directly associated with port activity does
ot correspond at the same pace and intensity to the potential
nd current climate effects over port logistics and facilities. As for
ort management, strategies, initiatives, and guidelines regarding
he climate change topic can be found in four instruments (out
f a total of 17 port instruments assessed). None of the port
nvironmental licenses (PEL) assessed indicated the inclusion of
limate aspects in their mandatory environmental management
equirements.

It is important to highlight that this scenario is corroborated
y the absence of climate adaptation indicators from the Environ-
ental Performance Index (IDA/ANTAQ) as the main instrument

o assess environmental port performance. Although the Santa
atarina ports have among the best IDA ranking for public and
rivate ports – Itajaí in 1st, Itapoá 2nd and Navegantes 3rd –
ANTAQ, 2021b), it is not necessarily expressed based on efforts
oward climate adaptation.

On the other hand, the agendas bound to the federal gov-
rnment that integrate the Ministry of Infrastructure actions and
ools – the Waterway Environmental Agenda (WEA) – and the
nfrastructure Sustainability Agenda (MINFRA-SA) have addressed
wo and four criteria, respectively. The MINFRA-SA appears as
mportant a guideline to institutionalize the climate change topic
or the entire transport agenda, and as good practices to minimize
limate risks. The sustainability agenda plays an important role
n the entire transport planning process by promoting adaptation
trategies for different types of transport in Brazil. These aspects
ust be incorporated in national scale planning and implemented
y the port authorities.
The main federal instrument regarding port planning (PNLP)

nly briefly covers the climate change topic, addressing only
ne of the established criteria. The PNLP indicates as one of
he planned actions an elaboration of the Port Adaptation and
itigation National Plan, which should be developed in five years

deadline expired in 2020). As a top-down policy which will sup-
ort and guide port authorities in local actions, the PNLP update
an add some important actions and strategies for building adap-
ive capacity to prevent impacts on the whole maritime Brazilian
ogistic chain and minimize the deterioration and risks of sea-
orts. Additionally, such guidelines promote a better connection
nd support between port authorities and research institutions
o monitor local climate and oceanography conditions, as well to
lan general adaptive measures.
Combined with the PNLP, the PGO, which also works on macro

uidelines, has the opportunity to incorporate climate change
daptation principles and demands to port expansion projects
r grant concessions for building new terminals. For instance,
ertain improvements could be based on building more resilient

ort access and infrastructure, such as adding climate-proofing
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principles (MMA, 2020); maintaining and preserving the coastal
ecosystem around the port; providing key ecosystem services that
would benefit directly and indirectly port activities such as man-
groves and their capacity to regulate and prevent coastal erosion
and flooding as well as mitigate climate change by capturing
greenhouse gases (PIANC, 2014).

Such nature-based approaches support adaptive building ca-
pacity, considering they are effective tools to address climate
change and ecosystem loss as a cost-effective measure. Inte-
grating NbS into policies, governments, and port authorities can
help comply with their green commitments and to achieve SDGs,
enhancing the sustainability agenda. NbS work as an umbrella
for other similar approaches such as Building with Nature – BwN
(van der Meulen et al., 2015), Ecosystem-based Adaptation – EbA
(Senhoury et al., 2016), and Working with Nature – WwN (PIANC,
2014). Those initiatives are encouraged by the PNA, which follows
EbA principles in guidelines (MMA, 2016). The EbA and NbS
approach are also enhanced by the official report titled ‘‘Brasil
2040’’, designed by the Brazilian government, which developed
a large climate diagnostic relative to the national infrastructure
and indicates potential solutions and the costs for the challenges
identified (Galvão and Costa Braga, 2015). Both policies recom-
mend the application of NbS to minimize coastal impacts from
extreme events related to climate change on seaports and coastal
areas.

Good practices applying green and blue infrastructures har-
ness nature’s benefits to support coastal sustainability and create
resilient infrastructures (Kazmierczak and Carter, 2010). PIANC
(2014) has been developing assessments and discussions regard-
ing opportunities to apply the concept of WwN by using the
benefits of ecosystem services to the Waterborne Transport In-
frastructure. The Port of Rotterdam (Netherlands), the main Eu-
ropean port, which historically has faced impacts from sea-level
rise and flooding, has been applying NbS and BwN measures on
port expansion works (van der Meulen et al., 2015). The necessity
to deepen the port canal and build drain systems using natu-
ral environmental works toward port safety and sustainability,
promoting safer areas and activities, such as navigation, cargo
handling, dock, and storage areas. The use of dredged sediment
from the port canal to create recreational and conservation areas
consists of co-benefits associated with the NbS approach. The
building of new coastal lands and ecosystems also promotes
cultural ecosystem services, such as tourism and recreation in the
region as well as supports conservation practices (van der Meulen
et al., 2015).

These examples suggest that the set of coastal ports can work
as places of innovation, promotion, and opportunity to the ap-
plication of solutions for facing climate challenges by generating
benefits to coastal zones and communities through ecosystem
services maintenance and delivery, as well as increase port oper-
ational efficiency. Nonetheless, this scenario necessarily demands
political will and comprehensive change in the management and
infrastructure systems.

6. Conclusion

Seaports are by their nature exposed to climate risks. The
observed intensification of weather and oceanographic events
results in an exponential rise of economic and logistic impacts on
coastal ports and cities. These facts highlight the urgency of ad-
dressing climate issues to policymaking and adaptive measures.
Nevertheless, the findings from the policy framework analysis
show a large road to be ridden by the Brazilian government, local
administration, and especially port authorities.

The survey conducted by this study attempted to present an
assessment of Brazilian policies regarding the incorporation of cli-
mate change risks and adaptive measures within the coastal and
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eaports framework. The study resulted in a political-institutional
iagnostic on the different levels of the government manage-
ent’s capacity to make seaports and coastal cities more resilient
nd adapted to the climate projections. Using the SDG 13 targets
s a metric in the analysis made the proposed evaluation more
onsistent, as the SDG constitutes an international accord signed
y hundreds of nations, including Brazil, aiming at sustainable
evelopment.
Our findings demonstrate that at the national level, Brazil

as established a robust climate change adaptation policy, but
t is still modest in terms of addressing sectoral activities. The
ational climate change adaptation policy framework often has
ittle incentive to include and prepare seaports and coastal zone
anagement to face climate risks. The set of port and coastal
olicies and strategies show that they do not follow the same
ace and intensity as the impacts had on port logistics, facilities,
nd coastal communities. There is no integration between the
ort and coastal management policies, as is often the case with
ther territorial policies.
The federal scale, and to a lesser extent the state scale, are

esponsible for articulating and reconciling policies and instru-
ents for local scale application. Thus, this policy integration and
pplication to a local level reveal the limitations in efficiently
armonizing federal guidelines to coastal cities and seaports. This
cenario is validated by the fact there is little or no evidence of
ctions and strategies addressed by Brazilian port authorities and
y port municipalities. Generally, both coastal ports and cities are
eluctant to anticipate actions related to the climate issue due to
ncertainty regarding the overload of their infrastructure and the
igh costs of financing adaptation.
Conversely, there are several opportunities for the assessed

ort policies and tools to update their goals and strategies in
rder to encourage the entire port system to become climate-
esilient. Choices of new lands for expanding or building new
ort terminals demand federal grants and licensing to allow the
ort location. The PGO (budget tool) could enforce port projects
green-fields) on coastal areas with less-exposure, and the en-
ironmental licensing could require climate-proofing principles.
uch as planning and development of specific adaptive measures,
onitoring and data provision, human resources (port staff), ed-
cation and training, as well Nature-based Solutions. Integrating
bS into PGO and other national policies, governments can also
elp comply with their green commitments and to achieve SDGs.
Furthermore, we identified the PDZ and the Master Plans as

he main instruments that promote port adaptation, provided
hat they define expansion tendencies at medium and long-range
s priorities for mitigation actions and port infrastructure adap-
ation. Nonetheless, the study case carried out indicated that the
DZ is the only one actually being implemented with climate
hange protocols. The potential Master Plans update (usually de-
ined in five years) includes opportunities to incorporate climate
hange adaptation strategies taking into account climate effects
n port logistics and facilities.
In terms of continuous assessment, we highlight that it might

e appropriate for the environmental performance index – IDA/
NTAQ to combine new indicators to evaluate the efforts by
ort authorities regarding the climate issue, taking into account
hat the IDA tool plays an important role in the environmental
ssessment and management of public and private ports in Brazil.
As for policy integration, there are significant national instru-

ents in the available framework able to cooperate in common
oals. However, their implementation depends on political will
nd on the articulation between the involved players (Scherer and
smus, 2021). Such actions are associated with the Port Logistic
ational Plan – PNLP, the Coastal Management National Plan –

NGC (and its instruments, the National Program for Shoreline

9

Conservation – ProCosta, Federal Action Plan for coastal zone –
PAF and Coastal Management State Plan – PECG) and the National
Adaptation Plan to Climate Change – PNA. Nevertheless, it is
demonstrated that responses to climate risks still represent a gap
in Brazilian territorial and sectoral management policy. Once this
is identified, there is an immediate need for including this topic in
port planning policies, which must also be in accordance with the
coastal and land-use development plans as well as the national
adaptation guidelines.

Finally, we highlight the importance of studies such as this
one as they provide data that might support macro-diagnosis re-
ports, raise awareness of the necessity for adaptive management,
and support decision-making in different levels of management
– urgent matters considering the current climate change sce-
nario. We defend that this study serves as valuable orientation
to guide public policy and investments in more research applied
to building climate-proof ports and coastal cities. Seaports can
be places of innovation and opportunity to apply solutions to
face climate challenges. This goal demands a strategic shift in
the social, natural, economic, and infrastructure systems, and
proposes implementing a multi-level governance system.

CRediT authorship contribution statement

Francisco Arenhart da Veiga Lima: Conception and design of
study, Acquisition of data, Analysis and/or interpretation of data,
Writing – original draft, Writing – review & editing. Danilo Couto
de Souza: Acquisition of data, Analysis and/or interpretation of
data, Writing – original draft, Writing – review & editing.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgment and funding resources

We acknowledge the Laboratory of Integrated Coastal
Management– LAGECI, and the Climate and Meteorology Lab
– LABCLIMA, Brazil, both of the Oceanography Post Graduate
Program of the Federal University of Santa Catarina. This study
was financed in part by the Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior - Brasil (CAPES). All authors approved
the version of the manuscript to be published.

References

Andrade, J., Scherer, M.E.G., 2014. Decálogo da gestão costeira para Santa Cata-
rina: avaliando a estrutura estadual para o desenvolvimento do programa
estadual de gerenciamento costeiro. In: Desenvolvimento e Meio Ambiente.
29, pp. 139–154. http://dx.doi.org/10.5380/dma.v29i0.31405.

ANTAQ, 2021a. Impactos e riscos da mudança do clima nos portos públicos
costeiros brasileiros. Sumário executivo. Available at: https://www.gov.br/
antaq/pt-br/noticias/2021/copy_of_SumrioANTAQGIZMudancaClimatica.pdf.

ANTAQ, 2021b. Índice de desempenho ambiental (IDA). Available at: http://web.
antaq.gov.br/ResultadosIda/.

Balica, S.F., Wright, N.G., van der Meulen, F., 2012. A flood vulnerability index for
coastal cities and its use in assessing climate change impacts. Nat. Hazards
http://dx.doi.org/10.1007/s11069-012-0234-1.

Becker, A., et al., 2012. Climate change impacts on international seaports:
Knowledge, perceptions, and planning efforts among port administrators.
Clim. Change http://dx.doi.org/10.1007/s10584-011-0043-7.

Becker, A.H., et al., 2013. A note on climate change adaptation for seaports: a
challenge for global ports, a challenge for global society. Clim. Change 120
(4), 683–695. http://dx.doi.org/10.1007/s10584-013-0843-z.

Brooks, M.R., Faust, P., 2018. 50 Years of Review of Maritime Transport,
1968-2018: Reflecting on the Past, Exploring the Future. UNCTAD.

http://dx.doi.org/10.5380/dma.v29i0.31405
https://www.gov.br/antaq/pt-br/noticias/2021/copy_of_SumrioANTAQGIZMudancaClimatica.pdf
https://www.gov.br/antaq/pt-br/noticias/2021/copy_of_SumrioANTAQGIZMudancaClimatica.pdf
https://www.gov.br/antaq/pt-br/noticias/2021/copy_of_SumrioANTAQGIZMudancaClimatica.pdf
http://web.antaq.gov.br/ResultadosIda/
http://web.antaq.gov.br/ResultadosIda/
http://web.antaq.gov.br/ResultadosIda/
http://dx.doi.org/10.1007/s11069-012-0234-1
http://dx.doi.org/10.1007/s10584-011-0043-7
http://dx.doi.org/10.1007/s10584-013-0843-z
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb7
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb7
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb7


F.A. da Veiga Lima and D.C. de Souza Regional Studies in Marine Science 52 (2022) 102365

B

C

C
C

C

d

d

d

E

E

G

G

H

H

H

H

I

I

I

I

K

urkett, V., Davidson, M., 2013. Coastal Impacts, Adaptation, and Vulnerabilities:
A Technical Input to the 2013 National Climate Assessment. Ocean Solutions,
Earth Solutions, Washington, DC, Available at: https://www.cakex.org/sites/
default/files/documents/Coastal-NCA-1.13-web.form__0.pdf.

abré, M.F., Solman, S., Núñez, M., 2016. Regional climate change scenarios over
southern south America for future climate (2080–2099) using the MM5
model. Mean, interannual variability and uncertainties. Atmósfera 29 (1),
35–60. http://dx.doi.org/10.20937/ATM.2016.29.01.04.

EPED, 2013. Brazilian Atlas of Natural Disasters: 1991 to 2012. CEPED-UFSC.
hausson, A., et al., 2020. Mapping the effectiveness of nature-based solutions

for climate change adaptation. Global Change Biol. 26 (11), 6134–6155.
http://dx.doi.org/10.1111/gcb.15310.

hou, S.C., et al., 2014. Assessment of climate change over south America under
RCP 4.5 and 8.5 downscaling scenarios. Am. J. Clim. Change 03 (05), 512–527.
http://dx.doi.org/10.4236/ajcc.2014.35043.

e Lima, A.D.S., et al., 2019. Diagnóstico da gestão costeira e das políticas
públicas do Município de São Francisco do Sul, SC, Brasil. Rev. Bras. Geogr. 63
(2), 141–155. http://dx.doi.org/10.21579/issn.2526-0375_2018_n2_141-155.

e Souza, D., Ramos da Silva, R., 2021. Ocean-land atmosphere model (OLAM)
performance for major extreme meteorological events near the coastal region
of southern Brazil. Clim. Res. 84, 1–21. http://dx.doi.org/10.3354/cr01651.

e Souza, D.C., et al., 2022. A hybrid regional climate downscaling for the
southern Brazil coastal region. Int. J. Climatol. http://dx.doi.org/10.1002/joc.
7607.

isenack, K., et al., 2012. Adaptation to climate change in the transport sector:
A review of actions and actors. Mitig. Adapt. Strateg. Glob. Change 17 (5),
451–469. http://dx.doi.org/10.1007/s11027-011-9336-4.

SPO, 2019. Environmental report – eco ports in sights 2019. Available at:
https://www.espo.be/media/EnvironmentalReport-2019FINAL.pdf.

alvão, C., Costa Braga, C.F., 2015. Brasil 2040: Resumo executivo. Brazil.
Available at: http://www.mma.gov.br/images/arquivo/80182/BRASIL-2040-
Resumo-Executivo.pdf.

ramcianinov, C.B., Hodges, K.I., Camargo, R., 2019. The properties and genesis
environments of south Atlantic cyclones. Clim. Dynam. 53 (7–8), 4115–4140.
http://dx.doi.org/10.1007/s00382-019-04778-1.

allegatte, S., et al., 2011. Assessing climate change impacts, sea level rise and
storm surge risk in port cities: A case study on copenhagen. Clim. Change
104 (1), 113–137. http://dx.doi.org/10.1007/s10584-010-9978-3.

anson, S.E., Nicholls, R.J., 2020. Demand for ports to 2050: Climate policy,
growing trade and the impacts of sea-level rise. Earth’s Future 8 (8), http:
//dx.doi.org/10.1029/2020EF001543.

errmann, M. L. de P., 2006. In: e Geográfico de Santa Catarina, I. Insti-
tuto Histórico, Geográficos, G. Cadernos (Eds.), Atlas de Desastres Naturais
do Estado de Santa Catarina, second ed. Florianópolis, Available at: http:
//www.ceped.ufsc.br/wp-content/uploads/2006/01/Atlas_Ceped.pdf.

oskins, B.J., Hodges, K.I., 2005. A new perspective on southern hemisphere
storm tracks. J. Clim. 18 (20), 4108–4129. http://dx.doi.org/10.1175/JCLI3570.
1.

PCC, 2017. Intergovernmental Panel on Climate Change. The IPCC and the
Sixth Assessment Cycle. Geneva. Available at: https://www.ipcc.ch/site/
assets/uploads/2018/11/AR6_brochure_en.pdf.

PCC. Intergovernmental Panel on Climate Change, 2021. In: Masson-
Delmotte, V., et al. (Eds.), Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, (in
press). Available at: https://www.ipcc.ch/report/ar6/wg1/.

PEA, 2018. In: da Silva, E.R.A., Peliano, A.M., Chaves, J.V. (Eds.), Agenda 2030:
ODS - Metas Nacionais dos Objetivos de Desenvolvimento Sustentável.
Ministério do Planejamento, Desenvolvimento e Gestão, Brasília, Avail-
able at: http://repositorio.ipea.gov.br/handle/11058/8855%0Ahttps://www.
ipea.gov.br/portal/index.php?option=com_content&id=33895.

zaguirre, C., et al., 2021. Climate change risk to global port operations. Nature
Clim. Change 11 (1), 14–20. http://dx.doi.org/10.1038/s41558-020-00937-z.

abisch, N., et al., 2016. Nature-based solutions to climate change mitigation
and adaptation in urban areas: Perspectives on indicators, knowledge gaps,
barriers, and opportunities for action. Ecol. Soc. 21 (2), http://dx.doi.org/10.
5751/ES-08373-210239.
10
Kazmierczak, A., Carter, J., 2010. Adaptation to Climate Change using Green and
Blue Infrastructure a Database of Case Studies. University of Manchester,
Manchester, Available at: https://orca.cardiff.ac.uk/64906/1/Database_Final_
no_hyperlinks.pdf.

Marengo, J.A., et al., 2010. Future change of climate in south America in the
late twenty-first century: intercomparison of scenarios from three regional
climate models. Clim. Dynam. 35 (6), 1073–1097. http://dx.doi.org/10.1007/
s00382-009-0721-6.

MMA, 2018. Programa Nacional Para a Conservação da Linha de Costa (PRO-
COSTA). Ministério do Meio Ambiente, Available at: http://www.mma.gov.
br/publicacoes/gestaoterritorial/%0Acategory/198-gestao-costeira-procosta.

2020. Levantamento de Risco Climático Para o Porto de Itajaí/SC. Sumário
Executivo. Ministério do Meio Ambiente, Available at: https://pievc.ca/wp-
content/uploads/2021/05/BRAZIL-Relatorio-Executivo_Porto-de-Itajai.pdf.

Nursey-Bray, M., et al., 2013. Vulnerabilities and adaptation of ports to climate
change. J. Environ. Plann. Manage. 56 (7), 1021–1045. http://dx.doi.org/10.
1080/09640568.2012.716363.

Oswald, M., 2009. Literature review : Transportation adaptation in response to
climate change.

PBMC, 2014. In: Ambrizzi, T., Araujo, M. (Eds.), Base Científica das Mudanças
Climáticas. Contribuiçã do Grupo de Trabalho 1 do Painel Brasileiro de
Mudanças Climáticas ao Primeiro Relatório da Avaliação Nacional Sobre Mu-
Danças Climáticas. COPPE. Universidade Federal do Rio de Janeiro, Rio de
Janeiro, RJ, Brasil, Available at: http://www.pbmc.coppe.ufrj.br/documentos/
RAN1_completo_vol1.pdf.

Pezza, A.B., Simmonds, I., 2005. The first south atlantic hurricane: Unprecedented
blocking, low shear and climate change. Geophys. Res. Lett. 32 (15), http:
//dx.doi.org/10.1029/2005GL023390.

PIANC, 2014. SuStainable PortS’ a Guide for Port AuthoritieS. Bruxelles, Bel-
gium, Available at: https://sustainableworldports.org/wp-content/uploads/
EnviCom-WG-150-FINAL-VERSION.pdf.

Reboita, M.S., et al., 2018. Extratropical cyclones over the southwestern south
atlantic ocean: HadGEM2-ES and RegCM4 projections. Int. J. Climatol. 38 (6),
2866–2879. http://dx.doi.org/10.1002/joc.5468.

Sánchez-Quinto, A., et al., 2020. Development of a conceptual framework for
the management of biodiversity and ecosystem services in the Mexican
Caribbean. Biot. Neotr. 20, 1–18. http://dx.doi.org/10.1590/1676-0611-BN-
2019-0901.

Scherer, M.E.G., Asmus, M.L., 2021. Modeling to evaluate coastal governance in
Brazil. Mar. Policy 129 (March), 104501. http://dx.doi.org/10.1016/j.marpol.
2021.104501.

Scherer, M.E.G., Asmus, M.L., Gandra, T.B.R., 2018. Evaluation of coastal manage-
ment in Brazil: Union, states and municipalities. In: Desenvolvimento e Meio
Ambiente, Vol. 44. pp. 431–444. http://dx.doi.org/10.5380/dma.v44i0.55006.

Senhoury, Ahmed, Niang, A., Diouf, B., Thomas, Y.F., 2016. Managing flood risks
using nature-based solutions in nouakchott, mauritania. In: Renaud, Fab-
rice G., Sudmeier-Rieux, Karen, Estrella, M., Nehren, Udo (Eds.), Ecosystem-
Based Disaster Risk Reduction and Adaptation in Practice. Springer, Cham,
pp. 435–455.

Sinclair, M.R., 1995. A climatology of cyclogenesis for the southern hemisphere.
Mon. Weather Rev. 123 (6), 1601–1619. http://dx.doi.org/10.1175/1520-
04931995.123{\T1\textless}1601:ACOCFT{\T1\textgreater}2.0.CO;2.

UN, 2016. United nations. Transforming our world: the 2030 agenda for sus-
tainable development. Available at: https://stg-wedocs.unep.org/bitstream/
handle/20.500.11822/11125/unepswiosm1inf7sdg.pdf?sequence=1.

UN, 2017. United nations. Factsheet: People and oceans. doi: 5-9th June 2017.
van der Meulen, F., et al., 2015. Building with nature at the dutch dune coast:

compensation target management in spanjaards duin at EU and regional
policy levels. J. Coast. Conserv. 19 (5), 707–714. http://dx.doi.org/10.1007/
s11852-014-0368-2.

World Bank, 2012. Avaliação de perdas e danos: inundações bruscas em santa
catarina - novembro de 2008, avaliação de perdas e danos.

World Bank, 2016. Report of Material Damages and Losses Due to Natural
Disasters in Brazil - 1995-2014 : Relatório de Danos Materiais e Prejuízos
Decorrentes de Desastres Naturais No Brasil – 1995-2014 (Portuguese).
Centro Universitário de Estudos e Pesquisas sobre Desastres; World Bank,
Washingtn D.C.

WPSR, 2020. World ports sustainability report 2020. Available at:
https://sustainableworldports.org/wp-content/uploads/WORLD-PORTS-
SUSTAINABILITY-REPORT-2020-FIN.pdf.

https://www.cakex.org/sites/default/files/documents/Coastal-NCA-1.13-web.form__0.pdf
https://www.cakex.org/sites/default/files/documents/Coastal-NCA-1.13-web.form__0.pdf
https://www.cakex.org/sites/default/files/documents/Coastal-NCA-1.13-web.form__0.pdf
http://dx.doi.org/10.20937/ATM.2016.29.01.04
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb10
http://dx.doi.org/10.1111/gcb.15310
http://dx.doi.org/10.4236/ajcc.2014.35043
http://dx.doi.org/10.21579/issn.2526-0375_2018_n2_141-155
http://dx.doi.org/10.3354/cr01651
http://dx.doi.org/10.1002/joc.7607
http://dx.doi.org/10.1002/joc.7607
http://dx.doi.org/10.1002/joc.7607
http://dx.doi.org/10.1007/s11027-011-9336-4
https://www.espo.be/media/EnvironmentalReport-2019FINAL.pdf
http://www.mma.gov.br/images/arquivo/80182/BRASIL-2040-Resumo-Executivo.pdf
http://www.mma.gov.br/images/arquivo/80182/BRASIL-2040-Resumo-Executivo.pdf
http://www.mma.gov.br/images/arquivo/80182/BRASIL-2040-Resumo-Executivo.pdf
http://dx.doi.org/10.1007/s00382-019-04778-1
http://dx.doi.org/10.1007/s10584-010-9978-3
http://dx.doi.org/10.1029/2020EF001543
http://dx.doi.org/10.1029/2020EF001543
http://dx.doi.org/10.1029/2020EF001543
http://www.ceped.ufsc.br/wp-content/uploads/2006/01/Atlas_Ceped.pdf
http://www.ceped.ufsc.br/wp-content/uploads/2006/01/Atlas_Ceped.pdf
http://www.ceped.ufsc.br/wp-content/uploads/2006/01/Atlas_Ceped.pdf
http://dx.doi.org/10.1175/JCLI3570.1
http://dx.doi.org/10.1175/JCLI3570.1
http://dx.doi.org/10.1175/JCLI3570.1
https://www.ipcc.ch/site/assets/uploads/2018/11/AR6_brochure_en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/11/AR6_brochure_en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/11/AR6_brochure_en.pdf
https://www.ipcc.ch/report/ar6/wg1/
http://repositorio.ipea.gov.br/handle/11058/8855%0Ahttps://www.ipea.gov.br/portal/index.php?option=com_content&id=33895
http://repositorio.ipea.gov.br/handle/11058/8855%0Ahttps://www.ipea.gov.br/portal/index.php?option=com_content&id=33895
http://repositorio.ipea.gov.br/handle/11058/8855%0Ahttps://www.ipea.gov.br/portal/index.php?option=com_content&id=33895
http://dx.doi.org/10.1038/s41558-020-00937-z
http://dx.doi.org/10.5751/ES-08373-210239
http://dx.doi.org/10.5751/ES-08373-210239
http://dx.doi.org/10.5751/ES-08373-210239
https://orca.cardiff.ac.uk/64906/1/Database_Final_no_hyperlinks.pdf
https://orca.cardiff.ac.uk/64906/1/Database_Final_no_hyperlinks.pdf
https://orca.cardiff.ac.uk/64906/1/Database_Final_no_hyperlinks.pdf
http://dx.doi.org/10.1007/s00382-009-0721-6
http://dx.doi.org/10.1007/s00382-009-0721-6
http://dx.doi.org/10.1007/s00382-009-0721-6
http://www.mma.gov.br/publicacoes/gestaoterritorial/%0Acategory/198-gestao-costeira-procosta
http://www.mma.gov.br/publicacoes/gestaoterritorial/%0Acategory/198-gestao-costeira-procosta
http://www.mma.gov.br/publicacoes/gestaoterritorial/%0Acategory/198-gestao-costeira-procosta
https://pievc.ca/wp-content/uploads/2021/05/BRAZIL-Relatorio-Executivo_Porto-de-Itajai.pdf
https://pievc.ca/wp-content/uploads/2021/05/BRAZIL-Relatorio-Executivo_Porto-de-Itajai.pdf
https://pievc.ca/wp-content/uploads/2021/05/BRAZIL-Relatorio-Executivo_Porto-de-Itajai.pdf
http://dx.doi.org/10.1080/09640568.2012.716363
http://dx.doi.org/10.1080/09640568.2012.716363
http://dx.doi.org/10.1080/09640568.2012.716363
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb34
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb34
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb34
http://www.pbmc.coppe.ufrj.br/documentos/RAN1_completo_vol1.pdf
http://www.pbmc.coppe.ufrj.br/documentos/RAN1_completo_vol1.pdf
http://www.pbmc.coppe.ufrj.br/documentos/RAN1_completo_vol1.pdf
http://dx.doi.org/10.1029/2005GL023390
http://dx.doi.org/10.1029/2005GL023390
http://dx.doi.org/10.1029/2005GL023390
https://sustainableworldports.org/wp-content/uploads/EnviCom-WG-150-FINAL-VERSION.pdf
https://sustainableworldports.org/wp-content/uploads/EnviCom-WG-150-FINAL-VERSION.pdf
https://sustainableworldports.org/wp-content/uploads/EnviCom-WG-150-FINAL-VERSION.pdf
http://dx.doi.org/10.1002/joc.5468
http://dx.doi.org/10.1590/1676-0611-BN-2019-0901
http://dx.doi.org/10.1590/1676-0611-BN-2019-0901
http://dx.doi.org/10.1590/1676-0611-BN-2019-0901
http://dx.doi.org/10.1016/j.marpol.2021.104501
http://dx.doi.org/10.1016/j.marpol.2021.104501
http://dx.doi.org/10.1016/j.marpol.2021.104501
http://dx.doi.org/10.5380/dma.v44i0.55006
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb42
http://dx.doi.org/10.1175/1520-04931995.123{\T1\textless }1601:ACOCFT{\T1\textgreater }2.0.CO;2
http://dx.doi.org/10.1175/1520-04931995.123{\T1\textless }1601:ACOCFT{\T1\textgreater }2.0.CO;2
http://dx.doi.org/10.1175/1520-04931995.123{\T1\textless }1601:ACOCFT{\T1\textgreater }2.0.CO;2
https://stg-wedocs.unep.org/bitstream/handle/20.500.11822/11125/unepswiosm1inf7sdg.pdf?sequence=1
https://stg-wedocs.unep.org/bitstream/handle/20.500.11822/11125/unepswiosm1inf7sdg.pdf?sequence=1
https://stg-wedocs.unep.org/bitstream/handle/20.500.11822/11125/unepswiosm1inf7sdg.pdf?sequence=1
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb45
http://dx.doi.org/10.1007/s11852-014-0368-2
http://dx.doi.org/10.1007/s11852-014-0368-2
http://dx.doi.org/10.1007/s11852-014-0368-2
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb47
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb47
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb47
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
http://refhub.elsevier.com/S2352-4855(22)00105-0/sb48
https://sustainableworldports.org/wp-content/uploads/WORLD-PORTS-SUSTAINABILITY-REPORT-2020-FIN.pdf
https://sustainableworldports.org/wp-content/uploads/WORLD-PORTS-SUSTAINABILITY-REPORT-2020-FIN.pdf
https://sustainableworldports.org/wp-content/uploads/WORLD-PORTS-SUSTAINABILITY-REPORT-2020-FIN.pdf

	Climate change, seaports, and coastal management in Brazil: An overview of the policy framework
	Introduction
	Case study
	Methodology
	Multiscale policy survey
	Policy assessment and evaluation criteria

	Results
	Legal and management framework analysis

	Discussion
	Management scales
	Policy analysis by subject approach

	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment and funding resources
	References


